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Abstract The DNA sequences of two full-length wheat
w-gliadin prolamin genes (wF20b and wG3) containing
significant 5" and 3" flanking DNA sequences are report-
ed. The wF20b DNA sequence contains an open reading
frame encoding a 30,460-Dalton protein, whereas the
wG3 sequence would encode a putative 39,210-Dalton
protein except for a stop codon at amino-acid residue po-
sition 165. These two w-gliadin genes are closely related
and are of the ARQ-/ARE-variant type as categorized by
the derived N-terminal amino-acid sequences and amino-
acid compositions. The w-gliadins were believed be re-
lated to the w-secalins of rye and the C-hordeins of bar-
ley, and analyses of these complete w-gliadin sequences
confirm this close relationship. Although the w-type se-
guences from all three species are closely related, in this
analysis the rye and barley w-type sequences are the
most similar in a pairwise comparison. A comparison of
w-gliadin flanking sequences with respect to that of their
orthologs and with respect to wheat gliadin genes sug-
gests the conservation of flanking DNA necessary for
gene function. Sequence data for members of al major
wheat prolamin families are now available.

Keywords Omega-gliadin - Gliadins - Wheat -
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Introduction

In wheat, the prolamin seed-storage proteins include the
high-molecular-weight (HMW) glutenins and the large
gliadin-family group. The latter is composed mainly of
the a-, y-, and w-gliadins and the low-molecular-weight
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(LMW) dlutenins (additional minor subfamilies will
be reported elsewhere). The majority of y-gliadin and
w-gliadin genes are encoded by the Gli-1 loci on the
short arm of chromosome 1 and tightly linked to the
LMW-glutenin genes encoded by the Glu-3 loci (Tatham
and Shewry 1995). A characteristic of the prolaminsis a
repeat domain rich in glutamine and proline residues. Of
the four main wheat prolamin families, the w-gliadins
differ from the others in that they generally have no
cysteines and at most one methionine, and are therefore
termed "sulfur-poor” (Tatham and Shewry 1995). The
absence of cysteine residues also means that the w-glia-
dins are not participants in intra- and inter-molecular di-
sulfide bond formation as are the other wheat prolamins.
No w-gliadin sequences have yet been reported for
wheat. Sulfur-poor orthologs of wheat w-gliadins include
the w-secalins of rye and the C-hordeins of barley. Full-
length sequences of w-secalin (Hull et a. 1991; Clarke
et a. 1996) and C-hordein genes (Entwistle 1988;
Entwistle et al. 1991; Sainova et a. 1993) both show a
coding region that is almost entirely composed of repeti-
tive motifs.

We report the full-length sequences of two closely
related w-gliadin genomic clones of 3,789 bp and
3,925 bp, respectively, that include the complete coding
region and significant flanking DNA sequences. DNA
sequence data from each of the major families of wheat
seed-storage proteins are now available, and a more
complete comparative sequence analysis of wheat
storage-protein genes is possible.

Material and methods

The w-gliadin clones were isolated from wheat genomic lambda
bacteriophage (M) libraries as described in Anderson et a. (1997).
Theinitial screen of the libraries was with a y-gliadin probe (clone
y13; Anderson et a. 2001). EcoRI fragments of the DNA clones
were subcloned into plasmid RVIIA7-Z2 (a vector modified from
RVIIA7; Lynn et al. 1983) and transformed into the Escherichia
coli Sure cell line (Stratagene, Inc.). Sequencing of both strands
was completed by primer walking using ABI PRISM DyeTermi-
nator and BigDye Terminator Cycle Sequencing Ready Reaction
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wfF20b
GAATTCAAGATGATTARTGTGTAGAGTTG CACATTATTGGTACTAACAAAGTGCTTTGTETGETGCTACGGGAAAACCAAAGTGCABAGACABATAGTGGGCGATAAAAGGAGATGTTRCCTATGCAGTTAGTTGTAAATCCTGCTC
GAATTCAAGATGATTAZTGTGTAGAGTTG CACATTATTGGTACTAACAAAGTGCTTTGTETGRTGCTACGGGAAAACCAAAGTGC. GACABATAGTGGGCGATAAAAGGAGATGTTHCCTATGCAGTTAGTTGTAAATCCTGCTC

®G3

GATATCGCTAGTTACTTTTAGCTGACTGCTAAGTTTATATTAGGCATGAAGAAAAGGAAGGTTGTCACTTTGTTCC

TTAACATGTCTGTGATTGAACTAACCGAZTTGAATCCTGAAGTGGTATCTACTTTTGACAAAAA; ATTC
Al GATATCGCTAGTTACTTTTAGCTGACTGCTAAGTTTATATTAGGCATGAAGAAAAGGAAGGTTGTCACTTTGTTCC

TTAACATGTCTGTGATTGAACTAACCGAETTGAATCCTGAAGTGGTATCTACTTTTGACAAAA ATTC

ATAATCTCGTCCACCAATCCTCGAAACTAGTTAGGCTAAAACAATGAGTTTTGCTAAAAATCATCACCTAATGTTCETGACTEGGGAAGTGATCTCCHTAGGACACCAAAAGCGTGACCTATAACCCAAGAAACATGCATGAATGGE
ATAATCTCGTCCACCAATCCTCGAAACTAGTTAGGCTAAAACAATGAGTTTTGCTAAAAATCATCACCTAATGTTCHTGACTRGGGAAGTGATCTCCHTAGGACACCAAAAGCGTGACCTATAACCCAAGAAACATGCATGAATGGG

AAAAATACGAGCTCACAGGAGCAC
AAAAATACGAGCTCACAGGAGCAC

AAAACACATTGATTTTTGACGACCTTCCTGCAGCCCAGGACTCAAAAATAGTAAGTTATAACCCGCAAAACATCCCTTTTTAGGATTTTTTACCACTTCAAAATECAAATATTACTTTTT
AAAACACATTGATTTTTGACGACCTTCCTGCAGCCCAAGACTCAAAAATAGTAAGTTATAACCCGCAAAACATCCCTTTTTAGGATTTTTTHCCACTTCAAAATHCAAATATTACTTTTT

:ngTCCAAGTCGC TCTCTCTGCTTCATGATTGTATGTAGTTTTAGAI

CAACACTGTT GCTCCTCGTTTAACTATTGGTGCCCGACTAGAATGGAAGACTGCCCAATGGATTTTTT§GTTGCATTGGTTGTAGAACCTGAAG TG
TTCCAAGTCGCETCTCTCTGCTTCATGATTGTATGTAGTTTTAGA!

CAACACTGTTTHGCTCCTCGTTTAACTATTGGTGCCCGACTAGAATGGAAGACTGCCCAATGGATTTTTTEGTTGCATTGGTTGTAGAACCTGAAGETG

TACAAAGAAAAGCCCAATGCATTTTTGGTTGCATTGGTTHTATATACCGAAGAATGACCAATGCATTTTTAGTTCCATGGGTTGTABAGAATGAAGACGTACAAACAAAAGCAACCTAGTAGTGCTTGTTATTACAAAATTTTGAACTAC
TACAAAGAAAAGCCTAATGCATTTTTGGTTGCATTGGTTATATATACCGAAGAATGACCAATGCATTTTTAGTTCCATGGGTTGTARAGAATGAAGACGTACAAACAAAAGCAACCTAGTAGTGCTTGTTATTACAAAATTTTGAACTAC

AAGACTATAGTCTGAACTTCTTTTGGTGATAGATGCTACGGGCGGAGAAACCTGTTGATTGTCCCTGGCTTGCAGCRGATTTTGGTAGGTGGAGTRTCGGATTCAGTGACATGAAGAGABATTTGAGEAGGGAGGCGACAAATATTTGTT
AAGACTATAGTCTGAACTTCTTTTGGTGATAGATGCTACGGGCGGAGAAACCTGTTGCTTGTCCCTGGCTTGCAGCEGATTTTGGTAGGTGGAGTETCGGATTCAGTGACATGAAGAGAZATTTGAGHAGGGAGGCGACAAATATTTGTT

ccc CACAACCAGTTTGATGAAATHCCCAAAGTACGACGCAACBACGTCTTCTTGTCCTCGTTCCATGCCGACACACATCAAGGTTGACAAGTCACEATCTAAAAGGTTATCCACGAAGGCATAACCGAATCCTGAATGTACTTAAC
cce ACAACCAGTTTGATGAAATECCCAAAGTACGATGCAACEACGTCTTCTTGTCCTCGTTCCATGCCGACACACATCAAGGTTGACAAGTCACEATCTAAAAGGTTATCCACGAAGGCATAACCGAATCCTGAATGTACTTAAL

TECTTTCATTCACCTTTABATTTTTTCCTTCET TARAASAGGTCATTTTGTGTAGTTTCAAAATTTCCTTATAGGTGAAGGT TTERCACTTATTTGCTTAGGTTACTTTGTTAGCATGTTCTTAACTTGCARAAGACAAAARTTGGAATG
TRECTTTCATTCACCTTTARATTTTTTCCTTCRHTTA GGTCATTTTGTGTAGTTTCAAAATTTCCTTATAGGTGAAGGTTT ACTTATTTGCTTAGGTTACTTTGTTAGCATGTTCTTAACTTGCAZAAGACAAAARTTGGAATG

CTATTGTTGTTCTTAACTTGAARTGTCGATTATCETGTAGCATTTAATAGCATATTAATCCAATGCTCTAARCTTTATACTGCATATTCTTTCCETECTGGTATGAAGGACAACTTTATATTTAACCARCTTATA-=~~====n-~~ cTC
CTATTGTTGTTCTTAACTTGAAZTGTCGATTATCETGTAGCATTTAATAGCATATTAATCCAATGCTCTAARCTTTATACTGCATATTCTTTCCRTRCTGGTATGAAGGACAACTTTATATTTAACCARCTTATAATCCACATGCTACTC

CACATGCTTTCACATCARAAGARATTAAATATGGTCEATAGACTACTATATGTGCCTTAGTTTTRTATCTTGTACATGATAGATGCTGGTACTAGCTCCCAAACTTATCTTTAAGTGATTTTTATTTAAGGGATGACTACARTAAARGCA
CACATGCTTTCACATCARBAA TTAAATATGGTCEATAGACTACTATATGTGCCTTAGTTTTHTATCTTGTACATGATAGATGCTGGTACTAGCTCCCAAACTTATCTTTAAGTGATTTTTATTTAAGGGATGACTACARTAAARGCA

GCCAATAAAGAGTTGAT
GCCAATAAAGAGTTGAT

GCATCTAAATTAGTAGATGCTTTT AAATCCA%:%:GCATGCAAGACAAGATGGTGTATCTTAGAGAAAAGTCCATGTTATAACTTATAACCCCCAACTTGCTACTCGGTTTATCTTGTTATTTGATGAGTCATGTng&TTAT
G T

GATGAGAAAAACTETCABGATTGAAGATATAGATGTATCCAGTATCTTACTGCTTACCAGACATGTAGAGCTTCACATAATAGTATTCTCATTTCATTGCTTATCTTTCRGGTCTACTTTTGTTTCAATT
GATGAGAAAAACTETCARGATTGAAGATATAGATGTATCCAGTATCTTACTGCTTACCAGACATGTAGAGCTTCACATAATAGTATTCTCATTTCATTGCTTATCTTTCEGGTCTACTTTTIGTTTCAATT

GCATCTAAATTAGTAGATGCTTTTRAAATCCA! CATGCAAGACAAGATGGTGTATCTTAGAGAAAAGTCCATGTTATAACTTATAACCCCCAACTTGCTACTCGGTTTATCTTGTTATTTGATGAGTCATGT; TTAT

TABAATCATATTGGGCAAAAAAACATAAARTRAGTTTTGGAAAGATAATTTCTAGA ATCHTCACATTAATAGTGTGATCCATCATAATGACGCACACAAGCTTARAAACTTAGTTCCACTCAAGCCATGCCAATATGGATAAGCCTA
TARAATCATATTGGGCAAAAAAACATAA GTTTTGGAAAGATAATTTCTAGAARAAT CETCACATTAATAGTGTGATCCATCATAATGACGCACACAAGCTTARAAACTTAGTTCCACTCAAGCTATGCCAATATGGATAAGCCTA

ACAACATGTAGAGCTTCACAAACTAAATTTCAAAAAGGGACATAATCTRGATCAATGTTTGCAI
ACAACATGTAGAGCTTCACAAACTAAATTTCAAAAAGGGACATAATCTEGATCAATGTTTGCA

TCCAAAATCTEGCTAGTAAGTAGTTGCACCAAACACAACAAACCAAATGARTAGTTGGATAAGCATTGATGCACT TTTTCARKAAAGKCAGTGRBASAGATGAAAGCAAGCCATGCEATGAAAAC CACATGCACCACCAAGGCC
TCCAAAATCTHGCTAGTAAGTAGTTGCACCAAACACAACAAACCAAATGARTAGTTGGATAAGCATTGATGCACTTTTTCARAAAGEGAGT GATGAAAGCAAGCCATGC CACATGCACCACCAAGGCC
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Fig. 1 DNA and derived amino-acid sequences of w-gliadin ment. EcoRI sites used to clone the fragments are underlined. The
clones wF20b (upper) and wG3 (lower). Differences in sequences signal peptide is indicated by a closed arrow while the start of the
are shaded in gray. A putative TATA box and polyadenylation sig-  repeat domain is indicated by an open arrow. Genbank accession

nals are boxed. Stop codons are indicated by asterisks. Dashesin-  numbers: wF20b, AF280605; wG3, AF280606
dicate gaps introduced into the sequence of wF20b to allow align-
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Fig. 2 N-terminal sequences of C'°;“E or
iadi i . . . protein
ﬁ}rgtl Igglrgsshi (’?Jg%?ggigghe N-terminal amino acid sequence fraction Cultivar
polypeptides of clones WF20b  yy rr( FyLLaAMANK AT ARRELNPSNKELOSPQOSE SYO0QPFPQQPYPAOPYPSQOPY  ©F20b Cheyenne
and wG3 arecompare_d with MKTFLIFVLLAMAMNTATAARQLNPSNKELQSPQQSFSHOQQPFPOKSYPQQPYPSHAPY ®G3 Cheyenne
sequences from Masci etal. --------eooooooo- ARQLNPSNKELQSP---F D2-peak 2 Chinese Spring
(1999; D2-peak 2) and of ~  ---ceooioooiooo-oo AREILNPSNKELQSPQQSFS ©-2 Chinese Spring
Kasardaet al. (1983; final five  ------------------1 ARE|LNPSNKELQSPQQSFS ®-2 Justin
gaquences).'rheboxidentifies """""""""""""""" KELQSPQQSFSHOQQPFPQOQ -1 Chinese Spring
thelnltla] arnlno aC|ds Of some T Tttt KELQSPQQSFSHQQQPFPQQPYPQQPY -1 Justin
mature polypeptides T SRL|LSPRGKELHTPQQQFPQOXX~FP w-5 Justin
Kits for sequence analysis on an ABI PRISM 310 capillary DNA oF20b
sequencer. Sequences were assembled using AutoAssembler
v.1.4.0 (PE Biosystems) and analyzed using the Lasergene soft- CAA TCA CCT CAA CAA
Ware(DNAgar‘Inc,)_ TCA TTT TCC TAT CAA CAA CAA
CCA TTT CCA CAG CAG
CCA TAT CCA CAA CAA
CCA TAT CCA TCA CAG CAA
CCA TAT CCA TCG CAA CAA
Results
CCA TTT CCC ACA --- CCC CAA CAA
. . . CAA TTT CCC GAG CAA TCA CAA CAA
I solation and sequencing of w-gliadin clones CCA TTT ACC CAG --- CCC CAA CAA
CCG ACC CCC ATA CAA CCA CAA CAA
A known y-gliadin clone (y13; Anderson et al. 2001) I A
was used to isolate additional y-gliadin clones from cv CCA TTT CCC TGG CAA CCA CAA CAA
Cheyenne A libraries. Most of the new clones hybridized -%é- 1; EE? E?g éf\i Eéi [ﬁﬁ Cas
strpngly to thg y-gliadin probe. However, two clones hy- CCA TTC CCC CAG CAA CCC CAA CAA
bridized less intensely and were suspected to be w-glia- CCA TTT CCC CAG --- CCC CAA CTA
dins (wF20b and wG3) since Sabelli and Shewry (1991) LR TTC LRL ChG LAl [ e T
suggested that cross-hybridization between y-gliadins CCA TTC CCC CTG CAA CCG CAA CAA
and w-gliadins occurs. Additionally, data from N-termi- SO TTC LRE G CARELL o T
na_\l sequencing and amino-acid analysisof.w-gliadin pro- CCA ATC CCC GTG CAA CCA CAA CAA
teins (Kasarda et al. 1983), as well as published DNA se- TCA TTC CCC CAA CAA TCC CAA CAA TCA CAA CAA
quences of rye orthologs (w-secaling) and barley ortho- Lel TTT GC LG T LoD CA O
logs (C-hordeins), indicate that the w-gliadin repetitive CCA ATT CCC CAG CAA CCA CAA CAA
domain is similar to that of y-gliadins. .E_%% HC % Ez\g Eﬁﬁ EE_G 22\ Eﬁ/:
. . . LLA L Lt =e L /
No w-gliadin gene sequences have been previously CCA TTC CCC CAG CAA CCG CAA CAA
reported although many laboratories, including ours, TCA TTT CCC CAG CAA CCA CAA CAA
have attempted such isolations. Attempts in our laborato- _LCA TAT LLA CAA CAA CAA
ry_to_clonethe EcoRl fragments carrying_ the put.ativeoo- CCA ng CCC CAG CAAMCCE CAA CAA
gliadin genes from the origina A clones into various tra-
ditional vectors and hosts resulted in random deletions of P FP 01-2 P Q Q

the inserts. Efforts to stabilize the inserts for cloning suc-
ceeded when the plasmid RVIIA7-Z2 and the E. cali
Sure cell line were used. RVIIA7-Z2 was known to stabi-
lize inserts that are difficult to clone (Anderson, unpub-
lished observation) and the E. coli Sure cell line is engi-
neered to be DNA-repair deficient and to reduce homol-
ogous recombination for increased insert stability.

A total of 3,789 bp and 3,925 bp were sequenced for
the wF20b and wG3 clones, respectively (Fig. 1). Ap-
proximately 2.5 kbp of each clone was 5™ sequence and
0.4-0.5 kbp was 3" flanking sequenced. The coding re-
gion totalled 840 bp for wF20b and 1,073 bp for wG3.
wF20b has an open reading frame throughout the entire
coding region. Clone wG3 has an in-frame stop codon
(position 3,026 in Fig. 1) and is assumed to be a pseudo-
gene.

The presumptive w-gliadin sequences were analyzed
using BLASTN (Altschul et al. 1997) and the search
yielded the closest homologies with w-secalins and
C-hordeins, confirming the identity of the new sequences

Fig. 3 Alignment of wF20b repetitive motifs by DNA sequence.
Dashes indicate gaps introduced to emphasize motifs. Proline co-
dons are underlined. A proposed consensus DNA motif is shown
below along with its derived amino-acid sequence

as w-gliadins. Significantly lower match scores were ob-
tained with y-gliadins, oat avenins and a-gliadins.
BLASTN and BLASTX homology searches of the more
distal 5" and 3" flanking DNAs yielded no significant
matches to known sequences.

The general protein structure of an w-gliadin is sim-
ple: a 19-residue putative signal peptide followed by a
10-11-residue non-repetitive N-terminus, a repetitive re-
gion encompassing 90-96% of the protein and a 10-11
residue C-terminus. As expected from amino-acid ana-
lyses of w-gliadins (Kasarda et al. 1983), there are no
cysteine or methionine residues encoded by either of the
clones sequenced. In addition, Tatham and Shewry
(1995) noted that w-gliadins have few charged amino ac-
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Fig. 4 Repetitive domain of o-gliadins o-secalins C-hordeins
all reported S-poor prolamins.
Repeat units are arrayed verti-  oF20b »G3 pSec1, pSec1B, pBRhor1-17 CH4 rhori-14
cally to show repeat motifs. pSec2B
Stop codons are indicated by
periods_Therepetitivedo_ QsPQa aspPQQ SYPQQ syLaQ SYLQQ syLaa
mains of the w-secalins are SFSYQOQ SFSHQQQ PYPSHQ PYPON PYPQN PYPQQ
consolidated because pSec1B PFPOQ PFPQK PFPTPQQ PYLPOK PYLPQQ PYLPQO
and pSec2B (Hull et al. 1991) PYPOQ SYPQQ YSPYQPQQ PFPV0Q PFPVQO PFPTPOQ
e PYPSQQ PYPSHQ PEPQOPIQ PFHTPOO PFHTPOQ FFPYLPQO
are nearly identical to that of PYPSOC PYPLQO YFPYLPEE  YFPYLPEE  TFPPSOQ
pSecl (Clarke et al. 1996). 2 PT/AP1OPAQ oo
T . . . PFPTPQQ PFPTPQQ PFPQQ/RPQQ LFPQOYQI LsPayal PNPLQPQQ
Differences in amino-acid QFPEQSQQ 0FPQ0SQQ PES/POPOO PTPLGPQO PTPLQPQQ PFPLOPOPPQO
residues from the pSecl PETOPOO PFPQPQQ QLPLOPQO PFPQQPQO PFPQQPQO PFPQPOQ
sequence are indicated by PTPIQPQQ PTPLQPQQ P/SFPOPAQ/H PLPRPQQ PLPRPCQQ PNPQQPQQ
dashes separating pSecl from  prpaopacPan PFPAQPQQ P1PQOPQQ PFPWQPQQ PFPWQPOQ PFPRQPQQ
the other two: the pSecl resi- PFPOPQQ PFPOPQQ SFPQQPQRPEQ PFPQPOE PFPOPOQ 1VPOOPOQ
dueisto the left of the slash; PFPWQPQO PFPWOPQQ QFPQQPQQ P1PQOPQQ PIPYQPQQ PFPQOQPOO
pSec1B residues are to the PFPQOTOQ PFPQTQO [1P0QTQQ PFPOQPQQ PFNQQPQQ PFPQPOQ
right of the slash; pSec2B SFPLOPQQ SFPLQPQQ PEPLQPQQ PFPQQOPQQ [1sa0PQQ PFSWQPQQ
residues are to the right of PFPQQPQQ PFPQQPQQ PFPQOPOR 11FQQPOQ PFPQQPQQ PFLOPLOL
the slash and shaded PFPQPQL PFPQOPQL P/SFAQOPE/KQ  SYPVQPQQ PFPQPQQ _PLOAOQ
PFPQGSEQ PFPQOPEQ 11500 PFPQPQ PFPWQPQQ PFPLCPOL
11PQOLGQ [1PQPNQQ PFPLQPQQ PYPQORPQQ  PFPQPQQ PFPQPOQPIGQ0
PFPLQPQQ PFPLQOPQQ PFSGPQQ ASPLOPQPQQ  PFPLOPQQ PKQPLLOQOPQQ
PFPQOPQQ PFPQQ PEPQAPE/CGQ ASPLOPQQ PFPWQPQQ TIPQQPQQ
PFPQPQG PFPQQPQ. 1 1PQQPQQ PFPQGSEQ PFPQPQQ PFPLQPOQ
PIPVGPQQ PFPQSQQ PSPLAPQQ 11PQQ PIAHQPQQ PFPQQPQO
SFPQQSQQSQQ  PIPVQLQQ PFSOQPORPQQ PFPLOPQ PFSFS0QPQQ  PLPQQPQQ
PFAQPQQ PLPQQSQASQQ  pPFPQQOPQQ PFPQQPQQ PFPLOPQQ 11500PQQ
LFPELQQ PFPRPQQ 1 1PQOPOQ PLPQPOQQ PFPQOPQQ PFPLOPQO
PIPOOPQQ LFPELQQ PEPLOPQQ PFRQOAEL PFPQOPQQ PFPQPQ
PFPLOPQO P1PQOPQQ PVPQQPQR 11POQPQQ 11FQ0PQQ PFPQEQPQO
PFPQQPQQ PFPLHPQQ PFGOQPEQ PLPLGPHQ SYPVQPQQ AFPLOPQQ
PFPQGPQQ PSPQQSQQ 1 1SQRPOQ PYTQQ PFPOPO PFPEESEQ
SFPQQOPQQ PFPQQPQQ PFL/PLQPQQ PVPQQRPQOQ 11700
PYPQQQ PFPLQPQQ PFSQPOQ ASPLQPQQ PFPLQOPQO
PSPLQAPQQ PF/LL/PQQPGQ PFPQGSEQ LFPQQPQQ
PFS0QPQASQOQ  [1pQOPQQ [1POOPQQ PLPOPQQ
SFPQPQPAOPQQ  pFPLQPQOQ PFPLOPHG PFROLPKY
PSI1LQPQQPQQ PFPQQP/SEQ PYTQQ [1POQPQQ
PFLQPQQ 11S/PE/QQPQQ PFLLQPHQPQQ
QLSQQLEQ PFL/PLQPQQ PYAQQ
T1500P0Q PSPQQPQL
PTPQOPHQPQQ  pFPQPQQ
PYPQQQ

ids, consistent with the finding that wF20b encodes just
seven charged residues out of 261 total residues. Gene
wG3 would encode 13 charged residues out of 338 ex-
cept for the internal stop codon. Whereas the sulfur-rich
gliadins have polyglutamine homopolymers or gluta-
mine-rich regions separate from the repeat domains, all
glutamine residues in the w-gliadins are found within the
repeat units that make up the repetitive domain. The re-
petitive domains of the two encoded amino acid se-
guences are quite similar: wF20b has an additional PQQ
in one repeat unit (position 2,770-2,778) that is other-
wise identical to the repeat unit found in wG3 at the
same position. Sequence wG3 has an extra repeat unit,
PFPQQ, at positions 2,990-3,004 and an extra eight re-
peat units towards the end of the C-terminus (starting at
position 3,250). In addition to differences in the numbers
and positions of the repeat units, wF20b and wG3 differ
by 23 residues in their coding region: 21 changes result
from single base alterations and two changes are due to
alterations in two bases.

The amino-acid composition of the translated coding
regions of these new w-gliadin genes is also consistent

with data obtained by Kasarda et a. (1983) for w-gliadin
proteins. as predicted for w-gliadins, proline, glutamine
and phenylalanine residues comprise approximately 80%
of the total amino acids compared to 50-60% for the
other wheat gliadins. Kasarda et al. (1983) used the
N-terminal protein sequences to classify the w-gliadins
based on the first three amino acids of the mature protein.
By this criterion, these new w-gliadin sequences belong to
the ARQ-/ARE-type protein which has a 4:3:1 ratio of
Q:P:F for total amino acids. The ARQ-/ARE-type has a
similar ratio to the S-poor prolamins of rye and barley, and
the genes may be encoded on the 1 A and 1D chromo-
somes (Tatham and Shewry 1995; Masci et a. 1999). The
SRL -type has a different Q:P:F ratio (5:2:1) and is charac-
teristic of the w-gliadins encoded by the 1B chromosome
(Tatham and Shewry 1995; Dupont et al. 2000). N-termi-
nal amino-acid sequences derived from w-gliadin genes
wF20b and wG3 are identical (Fig. 2), or nearly identical,
to N-terminal peptide sequences from the 1D-encoded w-
gliadins (Kasarda et a. 1983; Masci et a. 1999; Dupont et
al. 2000), and therefore supports the origin of these two
genes from the 1D chromosome.
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The wG3 gene is assumed to be a pseudogene by the
definition of containing an in-frame stop codon. Since
this is the only obvious defect in either the coding or
flanking DNA sequences, it is not excluded that wG3
may express mMRNA that only produces an N-terminal
portion of an w-gliadin protein. Pseudogenes are com-
mon in the cereal prolamins, athough their distribution
seems to vary with each prolamin gene family. For
example, the a-gliadin family is estimated to be com-
posed of 50% pseudogenes (Anderson and Greene 1997)
which is hypothesized to be caused by the high frequen-
cy of glutamine codons (CAA and CAG). A nonsense
mutation can occur from a C - T transition, the predomi-
nant type of single-base change. Though we only have
two examples of w-gliadin genes, both have a high per-
centage of glutamine codons (average 40%) in the repeti-
tive domain, which comprise almost the entire coding re-
gion. It may be anticipated that the w-gliadin family also
has a large percentage of pseudogenes;, but more se-
guences are needed to confirm this speculation.

Repeat structure

The DNA sequence of the repeat domain of wF20b is ar-
rayed vertically in Fig. 3 to emphasize the motif struc-
ture. A DNA consensus, CCA TTT/. CCC CAG CAAy
CCC/, CAA CAA, based on the most frequently occur-
ring nucleotide for each position in the codon, is sug-
gested below the array. Variations from the DNA con-
sensus are usually due to single base-pair changes. The
derived amino-acid motif, PFPQ, ,PQQ, is shown at
the bottom of the figure. This peptide motif is similar to
that proposed for the w-secalins and C-hordeins,
PQQPFPQQ (Tatham and Shewry 1995), and for the

y-gliadins, PFPQ;_,(PQQ),_, (Anderson et a. 2001). It is
not known whether this is representative of al w-glia-
dins or if wF20b and wG3, whose isolation was a result
of hybridization with a y-gliadin probe, represent mem-
bers of the w-gliadin family whose repeats are the most
closely related to y-gliadin repeats.

Arrays of the peptide motifs of the S-poor prolamins
are shown in Fig. 4. Our proposed alignment of peptide
motifs for the w-secalins is based on analysis of the
DNA structure, and thus is dlightly different from the
32-residue repeat unit composed of four octapeptides,
PQQIIPQQ  PQQPFPLQ PQQPF/QQ  PQQPFPQQ,
proposed by Hull et a. (1991) for rye secalins. The length
of the repeat region of the w-gliadins is comparable to
those of w-secalins and C-hordeins, and most of these re-
peat units in the w-gliadins are variants of the consensus
octapeptide motif. Those which differ from this motif
typically have an extra PQQ/SQQ or begin with a repeat
peptide containing 1-2 isoleucine residues. A repeat unit
starting with double isoleucine is aso found throughout
the w-secalins and C-hordeins, indicating an origin before
speciation. This repeat unit may have initially been a
single-copy repeat that underwent duplication events and
spread through the repeat domain. The same mechanism
could also have produced multiple copies of the repeat
units containing a tryptophan codon, PFPWQPQQ, in the
C-hordein, CH4, which is found in only one copy in the
other C-hordeins and the w-gliadins.

Dot plots
A homology matrix of the two w-gliadin clones shows

that the sequences are closely related throughout their
length (Fig. 5A) except for the final 14 bp of wG3. Pair-



42

y-gliadins
except G1
a-gliadins,

LMW-GS
except F15

Sect CH4 (C-hordein)
pSec

6 a-gliadins,
(G2656 (y-gliadin)

v-gliadins
except G2656

®G3 (w-gliadin)

3 a-gliadins,
pSect (n-secalin),
2 C-hordeins

(w-secalin) F15 (LMW-GS) 2 LMW-GS
| ¥ l 7/ PO'VAJ Y| o
J? Yy _rv 7/ A ‘?!'
| T | 7/ | A
-700 bp -350 bp |15o bp
- ATG TGA PovA
G1 (y-gliadin) 2 LMW-GS

Fig. 6 Divergence points in flanking DNA sequences of members
of the gliadin superfamily and S-poor prolamins. All reported glia-
din genes and orthologs of w-gliadins with significant flanking
DNA sequences were compared pairwise to w-gliadin wF20b to
determine the points of divergence. The rectangular box represents
the wF20b coding region and the lines represent the flanking se-
quences. Arrows indicate the point of divergence of a sequence
from wF20b, or divergence within a 50-bp region when more than
one sequence diverges from wF20b at approximately the same po-
sition. The position of the upstream divergence sites was calculated
from the initiation codon (indicated by ATG). The position of
downstream divergence sites was calculated from the second poly-
adenylation (Poly A) signal. Points of divergence at the 5" end are
(1) approximately —690 bp: w-secalin pSecl (Clarke et al. 1996);
(2) approximately —550 bp: y-gliadins y13, G6, G2656 (Anderson
et al. 2000) and pW1020 (Scheets and Hedgcoth 1988); (3)
approximately —450 bp: a-gliadins CNN5, CNN10, CNNE18 C
(Anderson et al. 1997), Yam2 (Anderson et al. 1984), OKURARTU
(Reeves and Okita 1987), W8142 (Sumner-Smith et a. 1983) and
LMW-GS F23 (Cassidy et a. 1998) and LMWG-1D1 (Colot et a.
1989); (4) approximately —440 bp: y-gliadin G1 (Anderson et al.
2000); (5) approximately —430 bp: C-hordein CH4 (Sainova et al.
1993); (6) approximately —350 bp: LMW-GS F15 (Cassidy et al.
1998). Sequences diverging at the 3" end are (1) about 15 bp before
the polyA site: LMW-GS F14 and F24 (Cassidy et al. 1998); (2)
about 15 bp after the polyA site: a-gliadins CNN5, CNN10,
CNNE18 C, CNN113 (Anderson et a. 1997), Yam2 and W8233
(Rafalski et a. 1984); (3) about 85 bp after the polyA site: y-glia-
dins L311 A and L311B (Rafalski 1986) and pw1020, G1 and G6;
(4) about 140 bp after the polyA site: LMW-GS F23 and LMWG-
1D1 (Cassidy et al. 1998); (5) about 170 bp after the polyA site:
w-gliadin wG3 (this paper); o-gliadins CNN18, W8142 and
OKURARTU; C-hordeins CH4 and Ahor1-14 (Entwistle 1988)

wise comparisons are aso shown between wF20b and
the other w-type prolamines plus y-gliadin clone G1
(Figs. 5B-D). In addition, enough flanking DNA sequenc-
es were available for divergence points to be determined
between wF20b and at least one member of each of the
other gliadin families (Fig. 6). For 5 flanking sequences,
most members of the same gliadin family diverged from
wF20b within 50 bp of each other. The exceptions were
the y-gliadins, for which al but the G1 y-gliadin diverged
at about —550 bp, and the LMW-GS for which all but the
F15 LMW-GS diverged at about —450 bp (Cassidy et al.
1998; Fig. 6). For the 3" flanking sequences, members of
each family did not diverge within the same 50 bp, but
subgroups within the family seemed to be clustered with
respect to certain divergence points. All sequences di-
verged by 176 bp 3" of the polyadenylation site.

All gliadin-type prolamins in the present analysis
(gliadins, LMW-glutenins, w-secalins, and C-hordeins)
share similarity in flanking DNA sequences from at least
—350 bp from the ATG codon and to the polyadenylation
site (Fig. 6). These conserved sequences may indicate
the limits of the regulatory sequences necessary for a
functional prolamin gene as we previously speculated
(Anderson and Greene 1997).

Comparison of w-orthologous noncoding sequences

Points of sequence divergence among w-type prolamins
were aso analyzed in a Clustal anaysis (Higgins and
Sharp 1989) of S-poor prolamin sequences with the repet-
itive domains removed (Fig. 7). All sequences analyzed
have a conserved Hindlll site at approximately —530 bp
(position 269 in Fig. 7). One C-hordein clone, CH4
(Sainovaet a. 1993), has sequence data beyond this point
but aso diverges from the other S-poor prolamin
sequences at the Hindlll site (diverged sequence not
shown in Fig. 7). The w-gliadins (wF20b and wG3) and
the w-secalin pSecl (Clarke et a. 1996), diverge from
each other 270-bp upstream of the conserved Hindlll site
or about —800 bp from the start codon. On the 3" flank, all
three groups of S-poor prolamins show conservation
to 176 bp (position 1,126) after the polyadenylation site

Fig. 7 Alignment of DNA sequences of S-poor prolamins from
wheat, rye and barley. All flanking sequence and coding sequence
up to but not including the repetitive domain are compared. Wheat
w-gliadin (wF20b and wG3) sequences are unshaded, rye w-seca-
lin sequences (pSecl, pSec2B, and pSeclB) are shaded in light
gray, and barley C-hordein sequences (pBRhorl-17, CH4, and
Ahor1-14) are shaded in dark gray. The vertical bar after position
792 indicates the removed repetitive and C-terminal domains. The
5 flanking sequences of wF20b, wG3 and CH4 and the 3" flank-
ing sequences of wF20b, wG3, pSecl, CH4 and Ahorl-14 beyond
the point of sequence divergence are not shown. Putative TATA
box and polyadenylation sites, and the initiation and stop codons
are boxed. Dashes indicate gaps introduced into the sequences to
optimize alignments. Dots in the sequence represent bases identi-
cal to wF20b. The 5" Hindlll site from where the barley C-hordein
sequences diverge from the other S-poor prolamins is underlined
(position 269). The wF20b sequence is used as the sequence for
comparison up to the point where it no longer shares sequence
similarity to its orthologs (position 1,126). The pSecl sequence is
used as the sequence for comparison after position 1,126
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(positions 945 to 950). The w-gliadins diverge from the
w-secalins and C-hordeins at this point: the w-secalin
(pSecl) and the C-hordeins (CH4 and Ahorl-14;
Entwistle 1988) continue to show similarity for another
403 bp and diverge 579 bp (position 1,529) after the
polyadenylation site.

The relatedness of the S-poor prolamins can be esti-
mated by comparison of single changes among the three
orthologous sequence patterns in Fig. 7. Such sequence
differences can consist of either single base or multiple
base changes, deletions or insertions. The comparison in
Fig. 7 indicates that rye and barley w-type sequences are
more similar to each other than to the wheat sequences.
However, only a limited number of S-poor prolamins
from the three different species have been isolated and
the wheat sequences reported could represent paralog-
ous, rather than orthologous, S-poor prolamins. More
gene sequences from all three species are needed for a
better comparison of these species’ evolutionary rela-
tionships.
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